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(54) FLUOROPOLYMER, PROCESS FOR PREPARING THE SAME, AND USE THEREOF 

(57) A fluorine-containing polymer, having a 
number-average molecular weight of 500 to 100,000 
and represented by the following general formula 
Rf— (OCgFda— (OC2F4)b—(OCF2)c-^— Y— Z— MP- 

n^m-n Or Pfif^m- 

nM-Z— Y— X-~<OC3F6)a-{OC2F4)b-<OCF2)c— 
X— Y— 2— MPnR^.n (wherein Rf is a perfluoroalkyl 
group; a, b and c independently represent 0 or a 
number equal to or greater than 1 , with the proviso that 
the sum of a b and c is at least 1; X is a group repre- 
sented by the fomrula : — (O)^— (CFg)^— (CHg)!— : Y te 
a divalent polar group; Z is a group represented by the 
formula : --{CH^g — ; M is a metal atom; R is a hydro- 
carbon group; P is a hydrolyzable polar group; m is an 
integer equal to "(valency of M) — 1"; and n is an integer 
of 1 to m), exhibits esffiellent stainproof property against 
oily dirt and can form on a substrate a stainproof layer 
having an excellent stainproof property against particu- 
larly fingerprints. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a fluorine-contalning polymer, a process for preparing the polymer, and the 
use of the polymer, for example, in a stainproof substrate having a stainproof layer of said polymer on a surfece thereof. 

RELATED ART 

10 [0002] Materials such as metals, glass and resins are used as generalisurpose substrates for a variety of articles 
such as automotive parts. OA apparatus and home electric appliances. The surfaces of these substrates are liable to 
get stained by the adhesion of dust particles suspended in the atmosphere of car interior, office interior, room Interior 
and the tike, and by the adhesion of oily substances which are contained in foods, oils for machines and the like and are 
difficult to be wped off. and also by the adhesion of fingerprints of users. Therefore, these substrates need to be sub- 

15 jected to a stainproof treatment so that the substrate surface is rendered less adherent to dirt and the dirt once adhered 
can be easily removed. 

[0003] As to the stainproof treatment of glass surface, putrilcations such as Japanese Patent Application Laid-Open 
No. 126244/1989 (JP-A-1 -126244) disclose techniques wherein coating films are formed either by direct application of 
a polymeric substance such as a polydimethylsiloxane to the glass surface or by immersion of glass in a treatment 
20 agent containing such a polymeric substance. Also known is a technique wherein a chemical absorption fluorine-con- 
taining monomolecular film is formed on the glass surface (see JP-A-4-132637. etc.). 

[0004] As to the stainproof treatment of metal surface, Japanese Patent Kbkoku Publication Na 53913/1995 (JP-B- 
7-53913) discloses a technique relating to an organic conposite-plated steel plate by the steps of forming a chromate 
coating containing a silica sol silane coupling agent on a galvanized steel and thereafter forming a thin layer with an 
25 isocyanate-based paint composition. 

[0005] However, the above-described treatments of prior arts do not provide a suffident stainproof against oily dirt In 
addition, the prior art treatments are associated with the problem that fingerprints tend to adhere to the substrate sur- 
face which is touched with fingers and the removal therefrom of the fingerprints is difficult 

30 SUMMARY OF THE INVENTION 

[0006] A first object of the present invention is to provide a fluorine-containing polymer which can form on a substrate 
a stainproof layer exhit^ng an excellent stainproof property against oily dirt psulicularly fingerprints, as well as a proc- 
ess for preparing the polymer. 

35 [0007] A second object of the present invention is to provide a stainproof substrate which exhibits an excellent stain- 
proof property against oily dirt, particulariy against fingerprints, as well as a process for preparing the substrate. 
[0008] According to the present invention, the first object can be achieved by a fluorine-containing polymer having a 
number-average molecular weight of 500 to 1 00.000 and represented by the following general formula (1): 

Rf-(PC3F6)a-{OC2F4)b-{OCF2)c-^— Y-Z-MP„R^ (I) 

wherein Rf is a perfluoroalkyi group; 

a. b and c independently represent 0 or a numt>er equal to or greater than 1 , with the proviso that the sum of a, b 
45 and c is at least 1 ; 

X is a group represented by the formula : — {0)d— <CF2)e— <CH2)f— (where d, e and f independently represent 0 
or a number equal to or greater than 1 , with the proviso that the sum of e and f is at least 1 , and the presence order 
of the bracketed repeating units is arbitrary in the fonmula): 
Y is a divalent polar group; 

so Z is a group represented by the formula : --{CH^g — (where g is 0 or a number equal to or greater than 1); 
M is a metal atom; 
R is a hydrocarbon group; 
P is a hydrolyzable polar group; 
m is an integer equal to "(valency of M) — 1"; 

55 n is an integer of 1 to m; 

with tiie proviso that the presence order of the bracketed repeating units is arbitrary in the formula; — OC3F6 — rep- 
resents either — OCF2CF2CF2— or — OCF(GF3)CF2— ; and — OC2F4— represerits either — OCF2CF2— or 
— 0CF(CF3)— . 
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[0009] A preferred example of the fluorine-containing polymer (I) is a fluorine-containing polymer having a number- 
average molecular weight of 500 to 100.000 and represented by the following general formula (111): 

Rf--(OCF2CF2CF2).-X— Y-Z-^iP„R3.n (III) 

6 

wherein Bf, X. Y. Z, P and R are the same as defined above, and n is an Integer oil to 3, with the proviso that a is a 
number equal to or greater than 1 . 

[001 0] Likewise, theiirst object can be achieved by a fluorine-containing polymer having a number-average molecular 
weight of 500 to 100,000 and represented the following general formula (IQ: . 

10 

PnRm-nM-Z— Y-^--(OC3F6),-<OC2F4)b-<OCF2)c-^— Y-^-^^ (||) 
wherein X, Y. Z, M. P. R. a, b, c, m and n are the same as defined abova 

[001 1 ] In the general formulae (0 and (III), Rf may be any peif fuoroalkyl group contained In known f luorine-contairting 
IS organic polymem. and may be. for exanrple. a linear or branched perfhioroalkyl group having 1 to 16 cartxsn atoms. 
Preferably, Rf is CF3— . C2F5— or C3F7— . 

[00121 In the general formulae (I) and (IQ. a. b and c represent, respectively, the numbers of the three-type repeating 
units in the perf luoropolyethers constituting the main skeleton of the fluorine-containing polymer, wherein a. b and c are 
each 0 or a positive number equal to or greater than 1 . with the proviso that a+k>fc is at least 1 . Preferably, a. b and c 

20 are independently selected from 0 and a numt>er in the range of from 1 to 200. More preferably, a, b and c are each 1 
to 1 00 when the number-average molecular weight of the fluorine-containing polymer is taken into consideration. 
[0013] The presence orders of the repeating units in brackets having subscripts a, b and c are described according 
to specific presence orders in the general formulae (0 and (II) for the purpose of convenience. However, the linkage 
orders of these repeating units are arbitrary without being limited by these orders. 

55 [0014] In the general formulae (1). (II) and (III). X is a group represented by the fbrmula : — (0)cr-KCF2)o—<CH2)f^ 
In this formula, d. e and f independentiy represent 0 or a positive number equal to or greater than 1 (e.g.. 1 to 50), with 
the proviso that e+f is at least 1 . and the presence order of tiie repeating units in brackets having subscripts d. e and f 
is not limited in the formula. Preferably, d, e and f are each 0, 1 or 2. More preferably, d is 0 or 1, e is 2. and f is 0 or 1 . 
[0015] In the general formulae (I). (II) and (III). Y is a divalent polar group. Exannples of the divalent polar group may 

30 include —COO—, — OCO— » --CONH— , — NHCO— , — OCH2CH(0H)CH2— , — CH2CH(OH)CH20 COS—, 

—SCO— and — O— . Preferably. Y is —COO—. -CONH— , — OCH2CH(OH)CH2— or — CH2CH(OH)CH20— . 
[0016] In the general formulae (I). (II) and (III). Z is a group represented by ttie formula : —iCH^g—. In this formula, 
g represents 0 or a positive number equal to or greater than 1 (e.g.. 1 to 50). Preferably, g is 0, 1. 2 or 3. 
[0017] In the general formulae (I). (II) and (III). M is a metal atom. Examples of the metal atom may include metallic 

35 elements which constitute Groups 1 to 15 (e.g.. Si, Al and T1) of the Periodic Table. 

[0018] In the general formulae (I) and (IQ. m is equal to "(valency of M) — 1 and 0 or a positive number, while n is 
an integer of 1 to m. The valency of M is ordinarily 1 to 5. for example, 2 to 5. and particularly 3 to 5. 
[0019] In the general formula (111), n is an integer of 1 to 3. 

[0020] For example, in the case where M is silicon (Si), m is 3. and n is 1. 2 or 3. Meanwhile, In some cases, the flu- 
40 orine-containing polymer is present as a mixture of polymers which are represented by the general fbrmula (0, (11) or 
(III) and have different values for n. If the fluorine-containing polymer is present as a mixture of polymers as described 
above, n can be given as an average in the mixture. 

[0021] In tiie general formulae (I). (II) and (III), the hydrocarbon group represented by R is preferably a hydrocarbon 
group containing 1 to 5 carbon atoms. Specific examples of the hydrocart)on group may include alkyi groups such as 
45 — CH3. — C2H5 and — C3H7. 

[0022] Examples of the hydrolyzable polar grotp represented by P may include halogen, —OA, — OCOA, 
— O — N=C(A)2 (where A is an alkyI group such as — CH3. — C2H5 and --C3H7). 

[0023] The number-average molecular weight of the fluorine-containing polymer is ordinarily 500 to 100,000. If the 
number-average molecular weight is less than 500, the polymer is useless because good properties of a polymer are 
so not exhibited. On the otiier hand, if the number-average molecular weight is more than 100.000. the processability of 
the polymer is impaired. Preferably, the number-average molecular weight is 1 .000 to 10.000. 
[0024] The polymer (I) can be prepared by the reaction preferably between a compound represented by the following 
general formula (IV): 

55 Q^-M-P^R^ (IV) 

wherein Z, M. P, R, m and n are the same as defined above, and Q is a polar groups and eiUier a compound represented 
by tiie following general fbrmula (V): 
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Rf-<OC3F6)a--(OC2F4)b-<OCF2)c-^— T (V) 

wherein Rf, X. a. b and c are the same as defined above, and T is a polar group, or a compound represented by the 
following general formula (VIII): 

6 

Rf— (OCFgCFgCFaja— X— T (VIH) 
wherein Rf. X and a are the same as defined above, and T is a polar group. 

[0025] Further, the polymer (II) can be synthesized by the reaction preferably between a compound represented by 
10 the following general formula (IV): 

Q_2-M-P„R„^„ (IV) 

wherein Z, M, P, R, m and n are the same as defined above, and Q is a polar group, and a compound represented by 
IS the following general formula (VQ: 

T-^-<OC3F6)a-<OC2F4)b-{OCF2)c-^— T (VI) 

wherein X. a, b wnd c are the same as defined above, and T is a polar group. 
20 [0026] Furthermore, the polymer (III) can be prepared by the reaction preferably between a compound represented 
by the following general formula (VII): 

Q-Z-SIP„R3.n (VII) 

25 wherein Z, P and R are the same as defvied above, n is an integer of 1 to 3. and Q is a polar group, and a compound 
represented by the following general fbrmula (VIII): 

' Rf— (OCFgCFgCFg)^-^— T (Vlll) 

30 wherein Rf, X and a are the same as defined above, and T is a polar group. 

[0027] Examples of the polar group represented by Q may include —OH, NH2. — SH, 



\ / 

o 



—Hal (halogen) and --COOH. 
40 [0028] Exanples of the polar group represented by T may include -OH, — CXX^H, --NHg. 

-CH-CH2, 

45 O 



and —CO— Hal (add halide). 

[0029] The second object of the present invention can be achieved by a stainproof substrate comprising a substrate, 
so and a layer of the fluorine-containing polymer presented by the general formula (I), (II) or (III) on the sutsstrate. 

[0030] The polymer layer can be formed by applying a separately prepared polymer (I), (II) or (111) to the substrate 
surface. On the other hand, in a preferred embodiment the polymer layer (I), (II) or (II I) can be formed l3y a process com- 
prising forming on the substrate surface a layer of a compound represented tsy the genersU formula (IV) bx\6 reacting 
therewith a compound r^resented by the general formula (V) or (VI) or alternatively by a process comprising forming 
55 on the substrate surface a layer of a compourd presented by the general formula (VII) and reacting therewith a com- 
pound represented by the general formula (VIII). 

[0031 ] In the case where a layer of the fluorine-containing polymer is formed by a coating method, a solution, suspen- 
sion liquid or dispersion liquid of the fluorine-containing polymer is coated on the substrate surface, and then is dried. 
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The coating method may be a conventionally known one and examples of the coating method may Include spraying, 
spin coating, immersion, roil coating, gravure coating and curtain flow coating. 

[00321 A solvent in which the polymer is dissolved, suspended or dispersed is not particularly limited. Prefen-ed exam- 
ples of the solvent may include perfluorohexane, perfluoro-1.3<nmetfiylcydohexane and dichloropentafluoropropane 
(HCFC-225). 

[0033] In the case where a layer of the fluorine-containing polymer is formed by successively cqiplying a compound 
(IV) and a compound CV) to the substrate surface and reacting the two compounds, and examples of the method for 
coating the compounds (IV) and (V) may include spraying, spin coating, immersion, roll coating, gravure coating and 
curtain flow coating. 

[0034] When applying tine compounds (IV) and (V). tinese compounds are preferably dissolved, suspended or dis- 
persed in a solvent The solvent is not particularly limited. For example, in tiie case of tiie conpound (IV). conventionally 
used organic solvents, such as acetone, metiiyl isobutyi ketone and ethanol, can be used, while, in the case of tiie com- 
pound (V), useful solvents include perfluorohexane. perfluoro-1.3-dimethylcydohexane and dichloropentafluoropro- 
pane (HCFC-225). 

[0035] Although the thickness of the fluorine-containing polymer layer In the stainproof substrate of the present inven- 
tion is not limited, the thickness is preferably 0.001 ^m to 0.03 ^m. 

[0036] The types of the substrate to be stainproof in the present invention are not particularly limited. Accordingly, 
examples of the substrate may include glass, resins, metals, ceramics, wood, porcelain, stone and leatiier. 
[00371 As to the glass substrates, the substrates are not particularly limited so long as they are made from glass. 
Examples cyf the substrate may include glass for use on the surface of a variety of artksles such as show windows, mir- 
rors, water baths, windowpanes, tat)lewares and glass cases. 

[0038] As to the resin substrates, the substrates are not particularly limited and examples thereof Include articles 
made not only from natural resins but also from synthetic resins. 

[0039] Examples of the natural resins may include cellulose arxi japan lacquer. Examples of the synthetic resins may 

include polyamide resins, polyacrylate resins, polyamideimide resins, polyvinyl acetate resins, polyvinyl chloride resins, 

phenol resins, urea resins, melamine resins, epoxy resins and polyester resins. 

[0040] Examples of the metal substrate may include iron. zinc, lead, copper and aluminum. 

[0041] Meanwhile, the compound (Vll) (silane coupling agent and the like), the compound (V) and the compound (VI) 

are all commercialized and are easily available. 

[0042] For example, the following compounds are commercially available as the compound (Vll) (silane coupling 
agent and the like) by Toray Dow Ck)ring Co.. Ltd. 
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[0043] On the other hand, the following compounds are commercially available as the compounds (V) and CVI). 
C3F7— (OCFgCFgCFaja— OCF2CF2CH2OH 
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C3F7-KOCF2CF2CF2)a— OCF2CF2COOH 
C3F7— IOCF(CF3)CF2]aOCF(CF3)COOH 
CF3— (OC3F6)a-{OCF2)c— OCFgCXDOH 
HOCHgCFg-XOCFaCFg)^— (0CF2)c— OCF2CH2OH 

[0044] In addition. C3F7— <OC3F6)a— OCF2CF2OOF is available as one of raw nnaterials for these compounds (JP-B 
No. Showa 63-43419 (43419/1988)). A compound such as C3F7— {OCaFeja-OCFgCFgCN can be derived therefrom 
(Ind. Eng. Chem. Res., 1987. 26, 1980). Reduction of the foregoing conpound provides C3F7 — (OC3F6)a— 
OCF2CF2CH2NH2. 

[0045] The reaction between C3F7— {OC3F6)a— OC2F4CH2OH and epichlorohydrin provides 



O 



[0046] The reaction between C3F7— (OC3F6)a— OC2F4CH2OH and a metal hydride MHx (M is a metal and x is a 
nunnber of 1 to 6) (e.g.. KH and NaH) provides C3F7— (OCaFe).— OC2F4CH2OM (metal alcoholate). 
[0047] A fluorine-containing compound (I) or (II) terminated with a metal coupling group can be obtained by diemi- 
cally corrtbining the perf luoropolyether (V) or (VQ with the compound (VII) through the reaction between the polar 
groups thereof. 

[0048] Examples of the reaction between the polar groups are given below. 
[0049] Inthefollowing. for the purpose of simplification. 

Rf-(OC3F6)a-(OC2F4)b-<OCF2)c— X— and 
-X-(OC3F6)a-<OC2F4)b— (OCF2)e— X— 

in the general formulae (V) and (VQ are expressed as "PFPE". Likewise, Z— M— PnRnwi general formula (IV) is 
expressed as "MC". 

[0050] Accordingly, the general formula (V) is expressed as "PFPE-T". the general formula (VI) as "T-PFPE-T*. and 
the general formula (IV) as "MC-Q". In this case, the general formula (I) is "PFPE-Y-MC" and the general formula (II) is 
"MC-Y-PFPE-Y-MC". 

[0051] ff an ordinary polar group is selected as T and Q, the fluorine-containing polymers (Q and (II) can be obtained 
t>y. for example, the following reactfons. 
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PFPEr-COOH + H^*-MC 

-f PFPE-CONKWidCC+HaO) 
OH-FFPE-OH +2q^-CH-MC 
O 

HFPEr-COOH + HS-MC 

PFPEr-COS-MCC+HaO) 
KO-PFFErOK+ 2a«MC 

MO-O^PFPB-O-MC (+2KCI) 
PFP&COF + HO-MC 

EFPMOO-MC(+HF) 
HCX)C-PFPB-COOH + 2H0-MC 

MC-OCO-PFPErCOO-MC(+2H40) 



[00521 Since a metal coupling material is unstable to water, it Is preferable that the coating film on the substrate sur- 
face is formed by a procedure In which a compound (IV) is first applied to the substrate surface and thereafter the com- 
pound (IV) Is reacted with a conrpound (V) or (VI) if water Is generated as a by-product. 

10053] The substrates whose surface is rendered stalnproof according to the present invention can be used as parts 
of the following articles which are liable to be stained. 

10054] Home electric appliances such as blades of electric fans, doors of electronic ovens, and surface of electnc 
refrigerators: office articles such as contact glass of copying machines, mirrors of OHP main bodies. OHP sheets, key 
boards, telephones and desks; home articles such as glass, doors of cupboards, min-ors, windowpanes. lampshades 
and chandeliers; architectural menders such as show windows, telephone boxes and glass of water baths; automotive 
parts such as glass and paint films on bodies of vehicles; personal ornaments such as frames of a pair of spectacles, 
glass of undenwater cameras, goggles, helmets and cover glass of dial plates of watches; play goods such as glass of 
pinball tables, trumps and mahjong tiles; and paint fflm surfaces of articles such as furniture and piano. 
[0055] Ornament pieces such as necktie pins, necklaces and pierced earring; metal or plated articles such as faucets 
of water supply, metal wind instruments, wooden wind Instruments, golf dubs, door handles, dumbbells and knifes; 
stone articles such as gravestones, go game stone pieces and martrfes; paper products such as wall paper, paper for 
sliding partitions, books, posters and photographs; and leather products such as wallets, shoes, bags, wrfet watch 
bands and baseball gloves. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0056] In order to further Hlustrate the present invention, the following specific examples are given. H should be under- 
stood that the fbllowing exaniples do not Gmit the present invention. 

Example 1 > 

[0057] A 500 mL fbur-neckflask equipped with a stirrer, dropping funnel, refluxing condenser and thermometer was 
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charged with a solution prepared by dissolving 180 g (0.5 moO of C3F7— <CX)F2CF2CF2)a-OCF2CF2CX)F (having a 
number-average molecular weight of 3.600) in 500 mL of dichloropentafluoropropane (HCFC-225) and the atmosphere 
of the system was sufficiently replaced witii nitrogen. Then, under a nitrogen gas stream, 90 g (0.5 mol) of hydroxypro- 
pyKrimethoxysiiane (AY-43-024 manutactured by Toray Dow (Doring Ca, Ltd.) was added dropwise from a dropping fun- 
nel to the flask. 

[0058] Upon completion of the addition, the tenperature of the system was raised to 50«C and the reaction 
was kept for 4 hours. After the reaction. 250 g of a fluorine-containing polymer 
[C3F7— (OCFgCFgCFg).— CF2CF2COOCH2CH2CH2Si(OCH3)3] was obtained by removing the solvent HCFC-225 
under a reduced pressure. 

[0059] According to the infrared absorption spectrum of the reaction product, the absorption (1 890 cm ''*) due to -COF 
of the starting material disappeared completely and new absorption (1780 cm '**) due to — COO — of ester was found. 
[0060] The results of the elemental analysis of the fluorine-containing polymer were as follows. 





C 


F 


0 


H 


Si 


Calculated (%) 


22.7 


65.2 


10.9 


0.4 


0.8 


Found (%) 


21.5 


65.8 


11.3 


0.5 


0.9 



Example 2 

[0061] A 500 mL four-neck flask equipped with a stirrer, dropping funnel, refluxirig condenser and thermometer was 
charged with a solution prepared by dissolving 100 g (0.5 mol) of C3F7— {OCF2CF2CF2)a— OCF2CF2CH2OH (having 
a number-average molecular weight of 2.000) in 500 mL of dichloropentafluoropropane (HCFC-225) and with 1 mL of 
trif luoroboron ether as a catalyst The atmosphere of the system was sufficiently replaced with nitrogen. Then, under a 
nitrogen gas stream. 100 g (0.5 rnol) of y -glycidoxypropyttrimsthoxysllane (SH6040 manufactured by Toray Dow Coring 
Co.. Ltd.) was added dropwise from a dropping funnel to the flat 

[0062] Upon completion of the addition, the temperature of the system was raised to 50°C and the reaction was kept 
for 4 hours. After the reaction, 175 g of a fluorine-corttaining polymer [C3F7— (OCF2CF2CF2)a— OCF2CF2CH2 — 
OCH2CH(OH)CH20CH2CH2CH2Si(OCH3)3] was obtained by removing the solvent HCF0225 under a reduced pres- 
sure. 

[0063] According to the infrared absorption spectrum of the reaction product, the absorption (795 cm '^ 820 cm *i) 
due to epoxy of the starting material disappeared completely. 

[0064] The results of the elemental analysis of the fluorine-containing polymer were as follows. 





C 


F 


0 


H 


Si 


Calculated (%) 


224 


61.1 


12.3 


1.0 


1.2 


Found (%) 


23.9 


61.4 


12,5 


0.9 


1.3 



Example 3 

[0065] A 500 mL four-neck flask equipped with a stirrer, dropping funnel, refluxing condenser and thermometer was 
charged with a solution prepared by dissolving 100 g (0.5 mol) of HOCH2CF2— {OCF2CF2)b— {OCF2)c— OCF2CH2OH 
(having a number-average molecular weight of 2,000) in 500 mL of m-xylene hexaf luoride and with 1 mL of trif luorobo- 
ron ether as a catalyst The atmosphere of the system was sufficiently replaced with nitrogen. Then, under a nitrogen 
gas stream, 200 g (1 moO of y - glycidoxypropyltrimethoxysilane (SH6040 manufactured by Toray Dow Coring Ca. Ltd.) 
was added dropwise from the dropping funnel to the flask. 

[0066] Upon completion of the addition, the temperature of the system was raised to 50rC and the reaction was kept 
for 4 hours. After the reaction. 250 g of a fluorine-containing polymer [(H3CO)3SiCH2CH2CH20CH2CH(OH)CH20- 
CH2CF2— (OCF2CF2)b— {OCF2)c-OCF2CH2— 0CH2CH{0H)CH20CH2CH2CH2Si (0CH3)3l was obtained by remov- 
ing the solvent m-xylene hexaf luoride under a reduced pressure. ' 

[0067] According to the infrared absorption spectrum of the reaction product, the absorption (795 cm '\ 820 cm '^) 
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due to epoxy of the starting material disappeared oompletely. 

[0068] The results of the elemental analysis of the fluorine-containing polymer were as follows. 





C 


F 


O 


H 


Si 


Calculated {%) 


26.1 


51.9 


17.5 


1.9 


2.6 


Found (%) 


25.5 


51.5 


18.4 


1.9 


2.7 



Examples 4 to 5 and Comparative Example 1 

[0069] The polymer obtained in Example 1 (Example 4). the polymer obtained in Example 2 (Example 5). and a com- 
mercially available, fluorine-containing silane coupling agent, C8Fi7CH2CH2Si(OCH3)3, KBM7803 manufactured by 
Shin-Etsu Chemical Co., Ltd. (hereinafter simply refen-ed to as "commercial producV) (Comparative Example 1) were 
•dissolved, respectively, in perfluorohexane to prepare 0.1% by weight solutions. These solutions were used as stain- 
proof treatment liquids. 

[0070] Meanwhile, glass plates fbr use as substrates were washed with water and thereafter well washed with meth- 
anol and acetone. The glass plates thus prepared were immersed in the treatment liquid for 10 seconds, taken out of 
the liquid, and then dried for 60 minutes at room tenperature. Then, the glass plates were sutjjected to ultrasonic clean- 
ing in perfluorohexane for 5 nwnutes to remove excessive stainproof treatment components. Then, the glass plates were 
dried in air and sut^ected to various measurement& 

Example 6 

[0071 ] The polymer obtained In Example 3 was dissolved in pert luwohexane to prepare a 0.1% by weight solution. 
This solution was ised as a stainproof treatment liquid. 

[0072] Meanwhile, a glass plate for use as a substrate was washed with water and thereafter well washed with meth- 
anol and acetone. The glass plate thus prepared was immersed in the treatment liquid for 10 seconds, taken out of the 
treatment liquid, and then dried for 60 minutes at room temperature. Then, the glass plate was subjected to ultrasonic 
cleaning in perfluorohexane for 5 minutes to remove excessive stainproof treatment components. Then, the ^ass plate 
was dried In air and subjected to various measurements. 

Exanriple7 

[0073] y -(2-aminoethyOaminopropyltrimethoxysilane (SH6020 manufactured by Toray Dow Coming Ca, Ud.) (silane 
coupfing agent) was dissolved in acetone to prepare a 0.1% by weight solution. 

[0074] Meanwhile, a glass plate for use as a substrate was washed with water and thereafter well washed with meth- 
anol and acetone. The glass plate thus prepared was immersed in the solution for 1 minute, taken out of the solution, 
and then dried for 1 hour at room temperature. 

[0075] Next, CaFy^OCFgCFgCFgjn— OCF2CF2COOH (having a number-average molecular weight of 5,000) was 
dissolved in perfluorohexane to prepare a 0.5% by weight solution. In this solution, the glass plate, which had been 
treated with the silane coupling agent, was immersed for 1 minute. The glass plate was then taken out of the solution 
and dried for 1 hour at lOO^'C. 

[0076] Then, tiie glass plate was subjected to ultrasonic cleaning in perfluorohexane for 5 minutes to remove exces- 
sive stainproof treatment components. Then, the glass plate was dried in air and subjected to various measurements. 

Examples 

[0077] Y -mercaptopropyltrimethoxyalane (SH6062 manufactured by Toray Dow Coming Co.. Lid.) (silane coupling 
agent) was dissolved in acetone to prepare a 0.1% by weight solution. 

[0078] Meanwhile, a glass plate for use as a substrate was washed with water and thereafter well washed with meth- 
anol arKj acetone. The glass plate thus prepared was immersed in tiie solution for 1 minute, taken out of the solution, 
and then dried for 1 hour at room temperature. 

[0079] Next, C3F7— <OCF2CF2CF2)a— OCFgCFgCOOH (having a nuinber-average molecular weight of 2.000) was 
dissolved in perfluorohexane to prepare a 0.5% by weight solution. In this solution, the glass plate, which had been 
treated with the silane coupling agent, was Immersed for 1 minute. The glass plate was then taken out of the solution 
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and dried tor 1 hour at 100*^0. 

[0080] Then, the glass plate was subjected to ultrasonic cleaning In perfluorohexane for 5 minutes to remove exces- 
sive stainproof treatment conponents. Then, the glass plate was dried in air and subjected to various measurements. 
[0081 ] The properties of the glass plates treated were evaluated according to the fbllcwing methods. 

5 

(1) As to the adhesion of fingerprints, the glass plate samples were stained with fingerprints arxi the ease of the 
fingerprints adherence were visually inspected. 

O • the amount of adhered fingerprint is slight so that the adhered fingerprint is not apparent. 
10 X: the amount of fingerprint is the same as that on an untreated glass plata 
a: difficult to give a dear rating between the two described above 

(2) As to the ease in fingerprint removal, the surfaces of the samples used in the evaluation of the adhesion of fin- 
gerprints were wiped by one cycle of reciprocating movement of KIM Wipe (manufactured by Jujo Kimberiey Ca, 

15 Ltd.) and the ease in removal of the fingerprints was visually inspected 

O • fingerprints can be completely removed. 
a: fingerprint wiping marks remains. 

X: fingerprints wiping marks extend and removal of the marks is difficult 

so 

(3) Contact angle with water was measured using a contact angle meter (model CA-DT manufectured by Kyowa 
Kaimem Kagaku Kikai Co., Ltd.). 

[0082] The results are given below. 

25 
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Example 9 and Conparative Example 2 

[0083] The polymer obtained in Example 1 (Example 9) and a commercially available product (Comparative Exanple 
2) were dissolved, respectively, in perfluorohexane to prepare 0.1% by weight solutions. 

4S [0084] Meanwhile, aluminum plates for use as sut^strates (each having a thickness of 0.5 mm and in compliance with 
JIS H 4000 (A1050P)) were washed with water and thereafter well washed with methanol and acetone. 
[0085] The aluminum plates thus prepared were immersed in the solutions for 10 seconds, taken out of the solution, 
and then dried for 60 minutes at room temperature. Then, the aluminum plates were subjected to ultrasonic cleaning in 
perfluorohexane for 5 minutes to remove excessive stainproof treatment components. Then, the alunrunum plates were 

so dried in air and subjected to various measurements. 

Comparative Example 3 

[0086] The aluminum plate in Example 9 was used without being treated. 

55 

Example 10 

I 

[0087] r -(2^ntino6thyOaminoprDpyftrimethQxysilane (SH6020 manufactured by Toray Dow Coming Ca, Ltd.) (silane 
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coupling agent) was dssolved in acetone to prepare a 0.1% by weight solufion. 

[OOen Meanwhile, an aluminum plate for use as a substrate (having a thickness of 0 5 mm and in complance with 
JIS H 4000 (A1050P)) was washed with water and thereafter well washed with methanol and acetone 
[0089] The aluminum plate thus prepared was immersed in the solution for 1 minute, taken out of the solutioa and 
then dried for 60 minutes at room temperature. -^u. ^ b nnn\ 

[00901 Next C3F7-(OCF2CF2CF2)e-OCF2CF2C00H (having a number-average molecular weight of 5.000) was 
dissolved in p^HluoSlane to prepare a 0.5% by weight solution. In this solution, the aluminum fj^te. «h,ch ted been 
?Led with L silane coupling agent, was immersed for 1 minute. The aluminum plate was then taken out of the solu- 

JSwiT *T^*°the akLhum^^^ was subjected to ultrasonic cleaning in perfluorohexane for 5 J^nut^^ 
excessive stainproof treatment components. Then, the aluminum plate was dried in ar and subjected to the following 

wJSi'^I^ Jdurability test was conducted in the following manner. The same sample Burikce was wiped J/ TOO ^les 
r Jprocating movement of KIM Wipe (manufactured by Jujo Wmberley Ca. LW.) "nder a <rf900 g byt^ng an 
electric clock meter (416-TM1 model manufactured by Yasuda Seik. Se.sakusho Co. Ltd.). Theo^^J 
water before and after the wiping operalfons were measured. The contact angle wrth water was measured using a con- 
tact angle meter (model CA-DT manufedured by Kyowa Kaimem Kagaku Wkai Ca. Ud.). 
[0093] The results are given below. 
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EFFECTS OF THE INVENTION 

[00941 When used as a stainproof coating layer, the tluorine^ntaining polymer of the present P^^f ^^^^ 
KrooS^t?^^^ an^cellent stainproof property against particularly ^^^^^ 
SSning polymer of thepresent invention canbe suited tor useinava^^ 

cerandcs. wood, porcelain, stone and letdher. 
Cialins 

1 . A f luorine^ontaining polymer having a number-avenge molecular weight of 500 to 100.000 and represented by the 
folfowing general formula (I): 

Rf-(OC3F6).-{OC2F^b-{OCF2)c-X— Y-Z-MP„R„,.„ O 

wherein Rf is a perf Kioroall^ group: 

a. b and c independently represent 0 or a number equal to or greater than 1 . with the proviso that the sum of 
5 S rSiL^^^emU by the formula : -<0)^CF2).-(CH2)r-(v^er^ 

0 or a nunierlqual to or greater than 1 . with the proviso that the sum of e and f is at least 1 . and the presence 
order of the bracketed repeating units is artatrary in the formula); 

Ls"SI^Te?SLaihefomu.la:-^CH^,-(wheregisOoranumberequaltoor^^^^ 

M is a metal atom; 
R is a hydrocart)on group; 
P is a hydrolyzable polar group; 
m is an integer equal to "(valency of M) — 1": 
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n is an integer of 1 to m; 

with the proviso that the presence order of the bracketed repeating units is arbitrary in the formula; —OCaFg — 
represents other— OCFgCFgCFa— or —0CF(CF3)CF2—; and —OC2F4— represents either —OCFoCFo— or 
— OCF(CF3)— . 

5 

2. A fluorine-containing polymer having a number-average molecular weight of 500 to 100,000 and represented by 
the following general formula (11): 

PnRm.nl^«— Y-X--(OC3F6)a--(OC2F4)bMOCF2)c-X— Y^-MPnR^ (||) 

10 

wherein a. b and c independently represent 0 or a number equal to or greater than 1 , with the proviso that the sum 
of a, b and c is at least 1 : 

X is a group represented by the formula : — (0)d— {CFg)^— (CH2)f— (where d, e and f independently represent 
'ff 0 or a nuniber equal to or greater than 1 , with the proviso that the sum of e and f is at least 1 , and the presence 

order of the bracketed repeating units is arbitrary in the formula; 

Y is a divalent polar group; 

Z is a group represented by the formula : — (CH2)g— (where g is 0 or a number equal to or greater than 1); 
M is a metal atom; 
zo R is a hydrocartx)n group; 

P is a hydrolyzable polar group: 

m is an integer equal to "(valency of M) — 1"; 

n is an integer of 1 to m; 

with the proviso that the presence order of the bracketed repeating units is arbitrary in the formula; — OC3F5 — 
25 represents either — OCl=i2CF2CF2— or — OCF(CF3)CF2— > and —OC2F4— represents either — OCFoCFo— or 

-OCF(CF3)— . 

3. A fluorine-containing polymer haying a number-average molecular weight of 500 to 100,000 and r^resented by 
the following general formula (III): 

30 

Rf-(OCF2CF2CF2)a-X— Y-Z-SiPnR3.n (ill) 

wherein Rf is a perf luoroalkyi group; 

35 a is a number equal to or greater than 1 ; 

X Is a group represented by the fbrmula : — (0)cr-{CF2)«— (CH2)f— (where d. e and f independently represent 
0 or a number equal to or greater than 1 , with the proviso that the sum of e and f is at least 1 , and the presence 
order of the bracketed repeating units is arbitrary in the fbrmula); 

Y is a divalent polar group; 

40 , 2 is a group represented by the formula : — (CH2)g— (where g is 0 or a number equal to or greater than 1); . 

R is a hydrocart>on group; 
P is a hydrolyzable polar group; and 
n is an integer of 1 to 3. 

45 4. A stainproof substrate comprising a substrate, and a layer which is provided on said sut)strate and composed of 
the fluorine-containing polymer of Claim 1. 

5. A stainproof substrate comprising a substrate and a layer which is provided on said substrate and composed of the 
fluorine-containing polymer of Claim 2. 

6. A stainproof substrate comprising a substrate and a layer which is provided on said substrate and conposed of the 
fluorine-containing polymer of Claim 3. 

7. A process for preparing the stainproof substrate of Claim 4 comprising the steps of forming on a surface of the sub- 
as strata a layer of a compound represented by the following general fbrmula (IV): 

Q-Z-M-P„R„^n ; (IV) 
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whereinZlsagrouprepreserrted by theformula:-^CH2)g-(wheregis0oranun*er equals 

M is a metal atom: 

R is a hydrocarbon group; 

P is a hydrolyzable polar group; 

m is an integer equal to "(valency of M) —V\ 

n is an integer of 1 to m; and 

Q is a polar group: 

and thereatter reacting said layer with a compound represented by the following general formula (V): 

fV-(OC3F6)a--(OC2F4)i>-{OCF2)c-X-T 00 

wherein Rf Is a perfluoroali^ group; 

a. b and c independently represent 0 or a number equal to or greater than 1. with the proviso that the sum of 

Ooranumberequaltoorgreaterth^ 

order of the bracketed repeating units is arbitrary in the formula); and 

*at the presence onler of the bracketed repeatirig unte is «*itrary In forn^^ 

— OCF(CF3)-^ 

8. A process for preparing the stainproof substrate of Claim 5 comprising the Jef« of tom,ing on the surface of the 
substrate a layer^ a compound represented by the foltowing general formula (IV). 

Q-Z-M— PnRm-n 

wherein Q. Z. 1^. P. R. m and n are the same as denned In the formula (IV) of Qaim 7. and thereafter reacting said 
layer with a compound r^resented tv the following general Ibrmula (VQ: 

T-X-<OC3F6)a-(OC2F4)b-(OCFa)tf-X— T (V") 

wherein Rf Is a perfluoroalM group; 

a. b and c Independently represent 0 or a number equal to or greater than 1 . with the proviso that the sum of 

J is rt'r^rlU by the formula : -KO).MCFd.--<CHd.- (^^^^ 

Ooranumber equal to or greater thanl.wKh the proviso that thesumofeandfs 

order of the bracketed repeating units is arbitrary in the formula): and 

— OCFgCFz— or -OCF{CF3)— 1 

9. A process for preparing the stainproof substrate of Claim 6 comprising the st^ of forming on the surface of the 
substrate a layer of a conpound.represented by the following general formula (VII): 

Q-Z-SiPnR3H, ^"^ 
wheteinZlsagroup represented by the fomuila:-^CHdB-(wheregisOoranumber equal to or greater ft^ 

R is a hydrocarbon group; 

P is a hydrolyzable polar group; ; 

Q te TpSgro'Jpl 2^'tS^eafter reacfing said layer with a compound represented by the following general 
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formula (VIII): 

Rf-<OCF2CF2CF2)a— X-T (VIII) 

* 5 wherein Rf is a perfluoroalkyi group; 

a is a number equal to or greater than 1 ; 

X IS a group represented by the formula : — <0)d— (CF2)o — {CH2)f — (where d, e and f Independently represent 
0 or a number equal to or greater than 1 . with the proviso that the sum of e and f is at least 1 , and the presence 
10 order of the bracketed repeating units is arbitrary in the formula); and 

T is a polar group. 

10. A process for preparing the fluorine^ontaining polymer of Claim 1 comprising the steps of carrying out a reaction 
between a compound represented by the general formula (IV): 

15 

C«-M— PnfWn (IV) 

. wherein Q, Z. R R, m and n are the same as defined in the formula (iV) of Claim 7, and a compound represented 
by the following general formula (V): 

so 

Rf-{OC3F6)a— (OC2F4)5-<OCF2)c-^-T (V) 

wherein Rf, T, X. a, b and c are the same as defined In thei fbrnmia (V) of Claim 7. 

25 11 . A process for preparing the fluorine-containing polymer of Claim 2 comprising *|he steps of carrying out a reaction 
between a compound repriesented by the general formula (IV): 

Q-Z-4^-P„R^ (IV) 

30 wherein Q. Z, M. R R, m and n are the same as defined in the fbmnula (IV) of Claim 7, and a compound represented 
by the following general formula (VI): 

T-X-(OC3F6)a-(OC2F4)b-<OCF2)c;-X— T (VI) 

35 wherein T. X. a. b and c are the same as defined in the formula (VI) of Claim 8. 

12. A process for preparing the fluorine-containing polymer of Claim 3 comprising the steps of carrying out a reaction 
between a compound represented by the general formula (VII): 

40 0-2— SiPnRs-n (VII) 

wherein Q. Z, P. R and n are the same as defined in the formula (VII) of Claim 9, and'a compound represented by 
the following general formula (VIII): 

45 Rf— (OCF2CF2CF2)a-~X— T (VIII) 

wherein T, Rf. X and a are the same as defined in the formula (Vlli) of Claim 9. 

so 
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